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Identification of Panax notoginseng Powders from Different Root Parts Using Electronic Nose and

Gas Chromatography-Mass Spectrometry

LI Lixia', ZHANG Hao', LIN Yuhao', SHI Lei', LI Shanshan', ZHANG Fujie" ™, WANG Jun"*
(1. Faculty of Modern Agricultural Engineering, Kunming University of Science and Technology, Kunming 630300, China;
2. Caollege of Biosystems Engineering and Food Science, Zhejiang University, Hangzhou 310058, China)

Abstract: In order to identify Panax notoginseng powders from different root parts, an electronic nose and gas
chromatography-mass spectrometry (GC-MS) were used to analyze the volatile components of the whole root powder,
rhizome powder, taproot powder, lateral root powder and fibrous root powder of P notoginseng. The data obtained were
analyzed by multiple comparison. The statistical learning method was used 1o extract eight time-domain features from the
response curves of the electronic nose, and correlation analysis was carried out. Three feature selection algorithms were used
to reduce the dimension of the feature data. Classification models were built using support vector machine (SVM), least
square support vector machine (LSSVM) or extreme learning machine (ELM) based on the original feature data or the three
kinds of feature selection data. The grey wolf optimization (GWO) algorithm was introduced to optimize the parameters
gam and sig2 in the classification model. The results showed that a total of 31 volatile compounds were detected in the
five P notoginseng powders. The best GWO-IRIV-LSSVM model could effectively distinguish the electronic nose data,
with 97.5% accuracy for the test set. Moreover, the volatile composition of the five samples differed mainly in terms of the
contents of total volatiles, alkanes, and aromatic compounds, which was consistent with the results of GC-MS. The method
used in this study can be used for the detection of high-quality F. netoginseng powder from geo-authentic production areas
mixed with low-quality P notoginseng powder.

Keywords: electronic nose; gas chromatography-mass spectrometry: Panax nofoginseng powder; feature extraction; least
sguares support vector machine; grey wolf optimization algorithm
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Table 1  Response characteristics of PEN3 electronic nose sensor arrays
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Fig.1  Response curves of electronic nose sensors for five
P notoginseng powders

MEVAT ELAT o S e R s Fh =Rk
EofrmE R, Home R AR AR Hob e s2.

S6. SBHISOMIW R {H A5 {k B & & T H AL . B
S2EA i, A E BT, o bR R
X, WS R R & G e, o S2m Ry
TR T Ay S S e o T A e e e R L
HERFHTFEREER (P<005) , BEREIMERN
BRE . BUCOEr. CEAUEN. MURRER. SRS, S5S2Mim
R AR 3. Rl ESen IR fb & A, Hmw
REAT (973 th A A B SO 46 . BTk, SRR
A AR, GO-MSEEHI{C A HriE R (£2) 8B
e 5 B =Tl e IR A i I S S e N (AR Ak R A
[Al. HkasSefSoRt 5 & b &4 g, wi M fTAY (L
MOKE IO SR . BT 0K, M. Ak, =
. GC-MSIRH G4 45 LR s B =Ll 55 &
EVERS MG E LNEEER (P<005) , HS#
S FRESDESE RN ER S S8, SO/
w2 R R . R L A o O R T R AR N
W 7 gy 4 22 e g B Rl AR, BT S TEAS IO = Lk
MO0 E B AT,
23 FFREHUE A

R B () A7 75 o o SR 308 £ 0 o A Al Bl
AT S, A o B Ay B B LS B i Pearsondf
Fe R AE I BEROE R P R E R R ™. bl
G 10 45 A 10 S R S P TNV i 0 D S B
TR S 2 WA (R (Y8 I~ FoAE o 9] A5 B R O 2 (T i
TUAFREE . B2 3 79 A [ 448 1 54 5 1 B Pearson i
MR, HoAoH e AREum A E R, 3 E ]
(16 20 e A S 8 B 8 K o P o P A O R B 11
EME R, B0 RS mA G RS B
PE2ATT H1, BEST. SOfEEasA, Has - {ER3E 2 )
TERRTAER, GE2BOT &, BT KT
BFV bYFAET74F, H A6 e 8dE 2 M A1 KR INRE
Hoo FTRL, 5 T A R 1 47 R B e S A
1A IE

A 51§ 81 8485 86 §7 SRS98I0 g

o N N @NON [
2% =% N < 4 N
0w N @R ON
NI = N
5w e N @NON [
Sﬁ\w\m&'\tm‘w‘.m _
000,00 -85 |
ST S B
»ONONONON -8 [
S10 Wy o7 Wy on Ny o g0 on @ 0 08

[1X+]



326 2023, Vol44, No.20

Bl =

B TI T2 T3 TS T6 T7 T8

H "“wwﬁm\1§\ -08
T2 gl s . \.\ ~01.6
T o ™ . 100 \.\ 0.4
”ﬁ.. - @@ -\
R 8
Tﬁ\\\.\ 'm.ﬁ —E'Fj‘t
i ﬁ.. i .. s \ —0.6
™ 0 NNy e o

5151050 FR10 HEBS, TI-TEXINV. ADV.
RSAV., A{E. WA, BFY a, bflle, 358 HEfE.
ABHURINVEFIEEE: BAHURS2E RS TRFAE L .
P2 LR 9 Bl T A BB 1 Pearson il 1 5 RLHIPE I
Fig. 2 Pearson correlation coefficient matrix of two different
dimensional feature data of the whole root powder

24 HEIEHEIESRF

AT B R B2 R & b R B, BIERARIE
ZEMIUAELE, BIEEGEEMHENSLESE, &
L HICARS. VISSAHIRIVATB0 /1~ = b i 4 1iF 45 &3tk
frifig, DR G b aE AR R e EE, W
.
241 HETCARSH=-LHIFITiLEE

ECARSHIFFIEIEFF L b, HE SR FT RENK
Bro50, FHSAE LEAEM AL rPLSREL R, B
RMSECV fiz /ME Al 2 4R (M AR FF AL & . = LA 0k
fEE R P B3 . MEBanT LAE Y, Bl R
AR I, A R B R m e, B s s
BiAEsE, R S CARSTEREEF LR T M “MiE” f
OFET MR ME3bELLEH, BIE R
. RMSECVI{E S8 5E FRES AR, 78 FRRE
S, FTHEAG EDE TG B EAwDEE, e
B RS, FHEHEEELERESE. B3
EFIEPESTEREHASMEH TR, BRES
Bk FoRBERAAE, WITRMSECVH (L, &Rl
HIETE RS RN, REIETCARSHEN T 15 4Rt
A,

904 a
6l -

304

FRiE A

0 T T T T T T T T 1
0 5 10 15 20 25 30 35 40 45 50

FEti N

SRy 5 B
127 b
0
2 0.3
06

0 5 10 15 20 25 30 35 40 45 50
FRLE TR

0 10 2.0 3Iﬂ 40 50
FFriziT i
a FHEEME: b RMSECY: c[fH#AY.
B3 S EHCARSIFREE LR
Fig. 3  CARS feature selection process for P notoginseng powder

242 FETFVISSAN =-LEFiEikiE
EVISSAMSHEIG R L fE b, o B R WBMS 24 i
A0S 000, TERIBIHEEEE S R0.05, B
fiE 2 & ) i B 0.5, FC A 54 22 BRI Y Ay it o
PLSHLAY, HLHERMSECV iz /) (8 B 2 5 E449 fiF 8. #h
BElan] fn, [l A 0% FE ORI B AR 938 n, RMSECV
F{ESAE TR TRES L EAMES. MRE
AN T 160, RMSECVEE A, F#BIX s E4 &
FiLHER RO = LR T, R aE T B RO T 280,
RMSECVHi i, 220l il 0 Rk =8 & 4 & b 2 72 I 43 Bk

TSR, AR T EE. BSERMSECVEE N ( H4H
Jo ) AbikFR28 AMFHERE.
154
1.4
1.34
- 1.2
ﬁ 11
{
0.8-
(1.7
0.6 T > T T 1
0 20 40 60 80
e AR

1% 4 S LR VISSASHRE MRS P
Fig. 4  VISSA feature selection process for B notoginseng powder

243  EFIRIVHI=-LUERFHEER
TEIRIVEFAE B Mt b, R S4778 as i Ay
LT PLSHLAY, SRS LARMSECV{E Rt 4 36 bridk F 4%
TR, FERUGED, IRIVESS IR — STt
FIRFIEE &, (R A HOFFIE, FESNIRIVIEFRHEE



HR A 5B

E5niltl =

2023, Vol 44, No.20 327

EAE AR, sdlo mikNE, SEE s g ETE
16 4. BHEdRAHBRLTAERENTINERE, REF
BT 14 YETE.
BUE
704

el e
504

e
20 19 léw.l J\II'JP?‘

10+ 16 14

T T T T T T T T T T 1

1 2.3 4 5 6 7 8 9 1011 12
IR

s = LEmMIRIVITE RS R

Fig.5  IRIV feature selection process for P2 notoginseng powder

244 3 MRLRAFIEIRIRS S AT
FHICARS. VISSAFIIRIVGHFAE 1T 1L #8155 4
15, 28, 14 DREAEEER. 3 R EGAR S M E AR R

AR ESS, 1—8, 101~ 1084 ML 7 & s
RS ~SI0MI M {EATINY. ADV. RSAV, A, &
M. BFV a. b. ¢, 8 ETE, AR RIS IEERE
Rl CARSIEFEADLS HFAET . 8 A~ 2BFVEFLE,
dithdg A 6 S REVERIE, St TS2. S6. S8, SOPUHR
B MREEATS 4, B HAL3. VISSATEERAY A 55
%, 284, Hiie MEBFVIRIE, S B FM
FE AT e R NE, <TS2. S6. 58, S9
AR A AL & 14 A, S R I2. IRIVIERFRIREAE
ik, 14 4, Hebo SREBFVERE, GHE, ok
T82., 86. S8. SOVYARfLEEEMRFIER 29 4, HHX
T2, b, 3 FRRIE IR SRR AU RRIE o o bl s R
MR A a2 IBFY (ay by ¢) 0 HIR HE
e R HE R s 5, HAhVISSA. IRIVIREEMIIET-82,
S6. S8. SOPUMR fE B P AEbe®l 3] 2R B,
WIZES Fb =L 0 10 AR e 7= S 7 5 S vpr, J4 LA iR R
MERRK, 522900 —5.

41 = CARS o VISSA  « IRIV

A A bk &

14 & a

24 e me ® S8 489 S AN S R O W NS

Rk

14 = " m mw - o me .

0‘ 1
1020 30 40 50 60 70 §0 90 100 110
PR R
P63 FFERSRTTIL I A0 = LB FAE A it o i
Fig. 6  Feature variable distribution of 2 notaginseng powder
optimized by three feature selection algorithms

25 =-bEyarRfEie s S5k

FHKS (Kennard-Stone) S0 $3a i 47 8] 40 25
R, a2 R AR A6 A E
rflz, Hs A ERNNERE, &7 AR A2 e ARE W
S EE AR R AR S A E . ARAERS N
EARER A Ap BUE AT AR R IE SR ECE R A3 FREE IR AR
AR MISVM. ELMAILSSYVMIT =B 1 85 SR nl i
B, AT, BEAS P BB =R iR R
B LLERRIE TR S R B A S A AR B
REfIs bR S, JEdh, SVMFILSSVMI#E ef #iik B 4% 1
A, B8, g gamflsig2i) il HERUE, ELMI
T fE R 5 E e - o100, BT R AR e
FLEEEL (ReLU)> . [a)IF ACH 5 A I i S 10 ol f 5 A
HEAE . B iR A B BN RS R .

463 AWlEEEUT RN S LE R

Table 3 Identification accuracy of Pt notoginseng powder by different
modeling methods
b= 4 A T - HEMESE %
g VLR gy -
e 5 UM e
L5SVM TR.75 75.00
5 Aty i 4 80 5VM 76.25 72.50
ELM 76.25 70.00
L3SVM 86.25 82.50
CARS 15 SVM #3.00 RO.00
ELM TB.75 77.50
L3SVM 90,00 85.00
VISSA 28 5VM B3.75 82.50
ELM 82.50 B5.00
L3SVM 93.75 90.00
IRTV 14 5VM 91.25 87.50
ELM 90,00 £7.50

maE3n/m, T REGHEEMCARS. VISSA. IRIV
3 P fE A B AR 193 b o AR MR B )k
W45 72.5% . 80%. 84.17%M88.33%. T3 b
PRI B AR B AP R R A TR AR AR, H
PIRIVEE R Figa R E S, WEGEHEEREa T
15.83%, KB (IR k. A ER3 Fhoarae s
i, BT RS O3 FhE AE IR PR S LSS VM B R E
FME 7RO, B TIRTVEE AILSSVMEE A ]
WAEdET . AR To0%., hEHenl &, IRIVIETRNY
FT52. S6. S8, SOUUFRIERME ML S HAls, KT
12, x4 iReEmESa i RE., HERLEDIER
WE g, dmE2WH, SH=tERMEE. KiEH
FFRILGMEREE, XBE T IRIVIERPRHE 0
A, {BRCREHFRREN. & ERTE, AR AR
AT IPIRIV-LSS VMAE B {1345 Bih = Lol 4 i,

LSSVM B i 4r 205 B 0 ik R 2 e T BT (A
Feamf ¥ & 8sig2, Hik, N T HREEE S



328 2023, Vol44, No.20

Bl =

SRy 5 B

PR, AR AN E R HEGWORLSSVM A
gamMsig2 FEATHEAY . GWOR R ARGk Eik E 50,
B E 20, B¥ieamMsig2 i R0 [H 2 E
AR 2", &ads0 WIkUE, R R,
AL R ELES R AR

#£4  JE FGWORIRIV-LSSVM L Higs 4
Table 4  Resuolts of IRIV-LSSVM modeling based on GWO

i 5%

£ - AT gip?
B ffigam  fifisig T W
GWO-IRIV-LSSVM 552.24 1.50 a8.75 97.50

M3, ATTULEH, LT 5 2R i 3 i 4 o
ST, BE T7.5%, ULH L i gam Flsig2 4}
PEELSSVM o A5 e B,

2.6 JETGWO-IRIV- LSSVM 5 (1) ji i 56 b

M7 A, HPRRe. o, k. R
B 2R (1 0 A R 4 B M 100% . 100% .
100%. 87.5%M100%, T HAEHENT.5%;: H
g, H RS EEAS SR T SRS, dEE TR
M [ i 28 55 SLRITTRIV ik 48 4 1k 5 5L 0T AR HRE A
AIS2. S6. S8. SOV £z 1% 2% i wa 7 gh 28 5 20 4R b
AL, LU L Jens, OhHAY RS IE AR L S ) B, B0
W, AR AR T b R AR A AT R
AR R OB AR T S s

8
wedil 7

&
LUEmE

5
Efi 4

3
L 3
4 !

S O 'f—'.héﬁ JLUE 2RI Y e
Tz )

7 IRIV-GWO-LSSVMIFM L i b
Fig. 7 Test set confusion matrix of IRIV-GWO-LSSVM

3 & ®

FH LT S HIGC-MS XS F A 7506 11 =L 8 #
HEAT b, SR NS RhEE G R SEN T30 R, R
Heep1s MR BT, ZERSERRNTRLE
WHER, HFHEEXMER. RENGERLSHE
PSR B PR HORR AR (kR T T
AR =R AR A AR 2, IRIVIEHE A9 FRHIE A2 A2 6 (B

bikd, 5 ARG PR ) R e AR S R e
{ERYHFFIE . ST AIGWO-TRIV-LSS VM B AT % 18 3 7= X
S R EER AL = -CR T UK s WA
97.5% . UESET —UbE LS HI0 A RS PSR
REER. EHEIME R X SOL ARG =B
AL m A, dEmEME R, RTRTE R KR R
MNEF LR .

B% 308

[1] Temf . =-Cuf s )]. St EE A, 2013, 29(6): 502-503.
DOL: 103968 issn. LO-28 14.2013.06.064.

121 &Y, EETE, SPE A ob 2 = A R L ) 4 P o A
R FEL). P B e A, 202007); 504-509

[3] FEiE, 5RF, S, F. FTIREE LS H 588 =L T B &
BB A AN il Sk A B, 2019, 39(1): 103-108.
DOL 1039644 issn. LO00-0593(2019)101-0103-06.

(4] ZHANG F J, SHI L, LI L X, et al. Nondestructive detection for
adulteration of Panax notoginseng powder based on hyperspectral

imaging combined with arithmetic optimization algorithm-support
vector regression[J]. Journal of Food Process Engineering, 2022,
45(9): e 14096, DO 10111 Ljfpe. 14096,

[3] A0, B, R, T 5SS e b R R A E
Rl =-La ). 8 S0 BRI A, 2022, 13012); 3923-3929,
DO 10198124 cnki jfsg ] 1-5956/1s.2022.12.043.

[6]  CINTHIA D C C, OTNIEL F, OLIVEIRA E M M, et al, Near-infrared
spectroscopy applied to the detection of multiple adulterants in roasted
and ground arabica coffee[J]. Foods, 2021, 11(1). DOL:10.3390/
FOODS 11010061,

(7] Skfdek, s SRR O moni iR =-LE R R ).
Fli S 5 A, 2022, 42(7): 2255-2261. DOIL:10.3964/].is
sn. L000-059302022)07-2255-07.

18] e B, (R, SRS L, 2 T o [ R T R AU R I IR i
W5E =-ERORIERL T T). 1 R A SRS, 2013, 30(1): 63-67.
DOL:10L 13359 cnkigexbiem.2013.01.026.

[9] ARFA A, TN, SRR T, S R AR A RLLT) R,
2013, 36(6): 934-938, DOL 10,1 3863/.1ssn 1001-4454.201 3.06.027,

[1o] #HEEE. A2 WEEN=E-LEEMRIFAIDL B8 s
A, 2004: 31-34,

(1] =R, BT B = b R O S AR SR R D BN R A,
2020: 10,

[12] GUTIERREZ I, HORRILLO M C. Advances in artificial olfaction;
sensors and applications[J]. Talanta, 2014, 124; 95-105, DOL 101016/
joialanta 20 14.02.016.

[13] ZHU D 5, REN X J, WEI L. W, et al. Collaborative analysis on
difference of apple fruits Aavour using electronic nose and electronic
tongue[J]. Scientia Horticulturae, 2020, 2600C): 108279, DOL:10. 1016/
J.scienta 20019 108879,

[14] YINX Y, LV Y C, WEN R X, et al. Characterization of selected
Harbin red sausages on the basis of their flavour profiles using
HS-SPME-GC/MS combined with electronic nose and elecironic
tongue[J], Mecat Science, 2021, 172: 108345, DOL: 10,1016/
Jomeatsci 2020, 108345,

[15] ZHANG L, HU ¥ Y, WANG Y, et al. Evaluation of the flavour
properties of cooked chicken drumsticks as affected by sugar smoking
times using an electronic nose, electronic tongue, and HS-SPME/
GOC-MS[J]. LWT-Fouod Science and Technology, 2021, 140: 110764,
DO L0016/ w2020, 110764,



HR A 5B

E5niltl =

2023, Vol 44, No.20 329

[16]

(171

[18]

[19]

(201

[21]

[22]

[23]

[24]

[25]

[26]

[271

[28]

[29]

[30]

XU G J, LIAO C L, REN X L, et al. Rapid assessment of quality
of deer antler slices by using an electronic nose coupled with
chemometric analysis[J]. Revista Brasileira De Farmacognosia-
Brazilian Journal of Pharmacognosy, 2014, 24(6): 716-T21.
DO 10 1016f.bjp. 2014, 10.011.

IR, RRERE, AR, S BT MR BT REEGM A9E
FoLI). BLATA b B, 2019(22); 41-43: 5,

KUNOS L, BIKOV A, LAZAR Z, et al. Evening and moming exhaled
volatile compound patterns are different in obstructive sleep apnoea
assessed with electronic nose[J]. Sleep and Breathing, 2005, 19(1):
247-253, DO 10100751 1325-014-1003-2,

DRAGONIERI 5. PENNAZZA G, CARRATU P, et al. Electronic
nase technology in respiratory diseases[J], Lung, 2007, 195(2): 157-
165, DOL: 10100 7/s00408-017-9987-3,

CHANDLER R, DAS A, GIBSON T, et al. Detection of oil
poellution in seawater: hiosecurity prevention using electronic nose
technology[C)/2015 31st [EEE International Conference on Data
Engineering Workshops. [EEE, 2015: 98-100.

GADRE S, JOSHI 5. E-nose system using artificial neural networks
(ANN) to detect pollutant gases[C]/2017 2nd IEEE International
Conference on Recent Trends in Electronics, Information &
Communication Technology (RTEICT). IEEE, 2017: 121-125.

ERA, B, ST, % mamatoksa T RmEsER
=Ry R T cp A SRS BRI D). dhadh s 8 6 3R, 2006, 31(8):
3324-3329.

won ke, B, A, % RFhEFRSEE SR
—-LAVEELD). AR, 2021, 43(3): T00-707. DOI:10.396%/
Joissn 1O01-1528 2021 03.025.

DoEy, AR, 9%, %, GC-MSE; & 7 oy 74505 20 3 i
S T L R B R (], b EESE, 2019, 40014): 276-282.
DOL10.7306/5pkx 1 002-6630-20180904-046.

CUI 8 L, WANG J, YANG L C, et al. Qualitative and quantitative
analysis on aroma characteristics of ginseng at different ages using
E-nose and GC-MS combined with chemometrics[1]. Journal
of Pharmaceuatical and Biomedical Analysis, 2015, 102; 64-77.
DOL: 10,1016/ jpba. 2014.08.030.

CULS Q, WU JF, WANG 1, et al. Discrimination of American ginseng
and Asian ginseng using electronic nose and gas chromatography-
mass specirometry coupled with chemometrics[1]. Journal of Ginseng
Research, 2017, 41(1): 85-95. DOL 10,1016/ jgr.2016.01.002.

RONG Y, GU X, LI D, et al, Characterization of aroma, sensory and
taste propertics of Amgelica keivker tealJ]. European Food Rescarch
and Technology, 2021, 247(7T): 1665-1677. DOL10.1007/00217-021-
03737-7.

B, A7, R8N, S BT REES kIR i Y
U S G A P R 7 M S (0], o (B3R #2022, 24¢4):
629-637. DOL 1013313/ 1850, 16T3-4890. 202 10728003,

WANG Z H, WANG I, Early detection of trunk borer damage in
platycladus orientalis plants using E-nose and GC-MS[CJ/2018
ASABE Annual International Meeting, 5t. Joseph, Michigan, 2018
American Society of Agricultural and Biological Engineers, 2008,
ZHANG S P, XIE C §, HU M L. et al. An entire feature extraction
method of metal oxide gas sensors[]]. Sensors and Actuaiors B:
Chermical, 2008, 132(1): 81-8%9 DOL 010164, snb. 2008.00.015.

[31]

(32]

(33

[34]

[35]

[36]

(37

[38]

[39]

(0]

[41]

142

[43]

[44]

[45]

AL, A, FERFE. AT 5 R0 T o B AR
FRRED). el TR SRR, 2016, 32012): 254-260. DOL 1011975/
Joissn 1002-6819.20016.12.036.

A, BAEE, TR BT F RN G 67T R e R
BT A SAR I ), ol TR, 2018, 34015): 290-297.
DOLIOII973/ 0550, 1002-6819.2018.15.036.

fCERE, AP, B dT B R TE R A0 8 sk e
A ). ol THESHRE, 2020, 36(3): 313-320. DOL10.11975/
Joissn 1002-6819 2020.03.038.

WANG Z H, CHEN W, GU 5, et al. Evaluation of trunk borer infestation
duration using MOS E-nose combined with different feature extraction
methods and GS-SVM[J]. Computers and Electronics in Agriculture,
2020, 1700C): 105293, DOL10 10 16/.compag. 2020, 105293,

KUMAR K. Competitive adaptive reweighted sampling assisted
partial least square analysis of excitation-emission matrix fluorescence
spectroscopic data sets of certain polyeyclic aromatic hydrocarbons|T].
Spectrochimica Acta Pant a-Molecular and Biomolecular Spectroscopy,
2021, 244: 118874, DOL10.1016/).5a2. 2020, 1 TRE74.

LIN Y H. ZHANG F 1, L1 L X, et al. Identilication of Panax
natogingeny powder in different parts based on the electronic nose
amd time-domain feature extraction[J]. Journal of The Electrochemical
Society, 2022, 169(4): 047510, DOL10.1149/1945-71 | 1 fac62bf,
CHENG ] H, CHEN Z G, Wavelength selection method for near
infrared spectroscopy based on iteratively retains informative
variables and successive projections algorithm([J]. Chinese Journal
of Analytical Chemistry, 2021, 49(8); 1402-1409, DOI: 1019756/
j.issn.0253-3820.201307.

MOHAMMADI M, RASHID T A, KARIM S H T, et al.
A comprehensive survey and taxonomy of the SVM-based intrusion
detection systems|J]. Journal of Network and Computer Applications,
2021, 178: 102983, DOL:10.1016/.jnca, 2021, 102983,

ZHANG W X, CHEN X J. Application in LSSVM of feature
selection based on kernel polarization[J]. Computer Engineering
and Application, 2017, 53(19): 164-167; 72. DOL: 103778/
Joissn 1002-833 1, 16030372,

LEKOMTSEV A, KEYKHOSRAVI A, MOGHADDAM M B, et al. On
the prediction of filtration volume of drilling fuids containing different
types of nanoparticles by ELM and PSO-LSSVM bhased models[J].
Petroleum, 2021, 8(3): 424-435, DO 10,1016/ pethn. 202 1.04.002,
DING S F. XU X Z. NIE R. Extreme learning machine and its
applications[J]. Neural Computing & Applications, 2014, 25(3/4):
549-556, DO 10 1007/s00521-013-1522-8,

REZAEL H, BOZORG-HADDAD O, CHU X. Grey woll optimization
(GWO) algorithm[M/Springer, Singapore: Advanced Optimization
by Nature-Inspired Algorithms, 2018; 81-91.

3%, fUERE, SRIGE, ¥ GO-MSES & TRt A E T
e WEE S P AR B ) S 0], Al FHE, 2022, 43(6): 324-330.
DOT: 10, 7506/Hpks 1002-6630-202 103 16-216.

B, BN, B R U ARG SRR A Y B R
S ). SRR SRR S, 2023, 4405): 1075-1080.

MRdE s, BUREL, FRUE, H Sl R M Kennard-Stone 7
I AORE A OGN A0 SRR AL R R e (D). B S
LA, 2017, 37(7): 2133-2139. DOI:10.3964/j.is
sn. 1000-0593 (201 7107-2133-07.



